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Nucleonica’s unique feature: Web-based Nuclear Science Applications
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Outline

e GSG Version 1 (point-like slightly shielded sources)
— Introduction to GSG features
— Spectrum modeling examples
— Experimental validation

* GSG Version 2 (extended & heavily shielded sources)
— Highlights of new features
— Introduction to EMC & coupled EMC-GSG simulations
— Experimental validation

e Exercises
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Features implemented: Measurement setup

= Nucleonica - Gamma Spectrum Generator, - Windows Internet Explorer

; - |@, http:fflocalhost: 1652 \ebSitel [ Application/Spectrum. aspx v| *#|| X | ‘ 52

7:? '1'% [@Nuclaonica-Gamma Spectrum Gensrakar l_l & 4 B @a = IﬁvPaga - f:} Tools - »
An arbitrary individual Eu152

. y . Gamma Spectrum Generator
nuclide or a pre-defined = .
. . 63 Europium
mixture of nuclides can
. - Actual chart: Karlsruhe
be selected as a radiation
Element: Maz=:
source Eu (v |152 - ﬂ Huclide Mixtures Selector
. L. Quantity: Reference point: "Cooling™ time:
The quantlty (aCt|V|ty, |Elequerel V‘ |1.35[Je+? | |Nuc\|de creation V‘ ‘year V| |5
mass or number of .
B Meazurement setup | Calculation results | Options |
atoms) of a nuclide or a
mlxture can be SpeCIerd Measurementtime: | sec ~ | 11000 | Start Start in background | i<
e|ther at the moment Of | Current configuration: | HPGe, p-type, coaxial, Canberra GC-6020, rel. eff. 60% V| Delete | !:
its production or at the
Dimensions in
spectrum measurement
starting point of time. In i
the former case controls Source 22 ]
for specifying duration of Crystal
. . diamet
a source cooling time [1oo_J} cemete
interval become diameter y
available.
Contact length
(700 ] 2]
b Source to Detector distance - Crystal length [] Show mare settings
Done ‘amca\ intranet H00% -

Institute for
Transuranium
ments

Calculations can be
started on-line or in a
background mode

A suitable y-spectrometer
can be chosen from 6 pre-
defined configurations,
which include 2 coaxial
HPGe (50% and 150%)
detectors, low-energy
(LEGe) and broad-energy
(BEGe) HPGe detectors,
and 2 Nal detectors
(@3"x3" and J2"x1"). In
addition, user’s specific
configurations can be
managed.
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Features implemented: Measurement setup

Dimensions can Dimensions in | mm ¥
be entered in Filter

“mm”, “cm” or
“inch” units

The dimensions
of a cylindrical
contact at the
rear side of the

\ 4

Source Crystal
crystal (a
B Sl T - 3 Crystal construction
diameter feature of
d(?ﬂmatﬁt = conventional
iameter .
o coaxial HPGe
detectors) can
The configurable i Contact length be specified
parameters _ -= i’
include the N T 1200 J o >
source-to- Source to Detector distance N Crystal length Show moare settings
detector
distance, as well
as d|mens_|0ns Filter: |Aluminum V| |[].2 | o [ Addtiiter Tayer | |<_ Upto6
and materials of _ : : : additional
the detector Input window: |Alum|num V| |[].5 | Mo. Layer material Thickness ] .
1 ool cocka C “IE | s 10 absorbing filters
stal packaging: acuum I :
c?nstruiztlon ry | packaging | 2 Tin 05 made of Al, Cu,
elements. Inactive layer / Reflector: |German|um V| |U.5 | 3 Lead 01 Fe, Pb, Sn, or
MNumber of channels in the spectrum accumulated: | 8192+ 4 Aluminum 0.2 polyethylene can
be placed

Channel-to-energy conversion factor, keV/channel: |0.3

between source

Energy resolution (FWHM) in keV at 122 keV- and detector

Energy resolution (FYWHM) in keW at 1332 kel/: 1.8
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Features implemented: Options

= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer. ILIIEI[EI
@.\— ¥ |@, http: fflocalhast: 1652 wWebsite 1 fapplicationfSpectrum, aspax# V| (X | | P~

N —_— — ‘., e »
w [@Nucleonica—'&amma Spectrum Generator l ‘ G- 8 o= v oy Page - (CF Tools -

Gamma Spectrum Generator
Natural Uranium

Actual chart: Karlsruhe

Nuclide Mixtures:

| Matural Uranium V| Nuclide Selector
Total activity: Reference point:
| Bequerel Vl |2_55Te+004 | | Measurement start %
Eff|C|ency Graph Measurement setup Calculation results |W| Decay
can be activated e Soadi Ganerater Sefinge: calculations can
in the Calculation T ———
> Display detector efficiency curves be enabled that
ReSU|tS OUtpUt Consider decay transformations during cooling and counting time intervals W||| a”OW
Include gamma-rays of daughter nuclides P contributions
Decay Enging's accuracy factor from decay
The backscatter P> Consider effects of backscatter radiation prOdUCtS, being
peak simulation Backscatter peak normalisation factor accumulated
can be switched during source
on/off, and its cooling and
contribution to spectrum
the spectrum can measurement
be adjusted loore & Loral rtranct TS time intervals
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Features implemented: Calculation results
M easurement setup Calzulation results | Options

Complete set of

Statistical number of counts | p Data displayed: |Stati9tica| number of counts |+ View/Save results in Text or Excel format  — ) .
Court rate ot Star spectral information
Count rate at end Gamma-Spectrum Simulated for Nal (76.2 x 76.2 mm) can be downloaded
Theoretical number of counts as a text or Excel

Statistical number of counts S SRR EREREE R spreadsheet file

Right click within the
graph area enables
a context menu,
from which one can
print or download
the spectrum graph

Number of counts

Additional options
allow to customize
appearance of the
graph to meet one’s
| needs and
requirements

0 100 200 300 400 a00 B00 700 a0 00 1000
Channel number

Switch between
channel number and » Display: [Energy scale [ Spectrum continuum [ Contribution of scattered photons [IMare graph options <—
energy scale; show

eak’ continuum and MNo. Muclide Count rate at start, cps Count rate at end, cps Spectrum counts Display . .
Eackscatter eak 1 42 Mo 99 6.23E+01 6.22E+01 6.26E+04 0 < DISpIay fucide
. . P 2 43 Tc 99 6.70E-15 6.79E-15 0.00E+00 O SpeCI_ﬂC .
contributions to the 3 43Tc99m 2 6901 2 68E+01 2 70E+04 O < contributions to the

full spectrum Total 8.92E+01 8.90E+01 8.97E+04 full spectrum
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Li-i] File  Edit o s i i 7 & 5@'] Ble Edt Vew [nsert Format  Tool Type aquestion forhelp  ®a B X
L o ‘ RN A" NEEE AN - HS
130 - 2 221 = &
T : IS | E 7 B ¢ | ¢ [ o [ e [ F T ®© H | —
Nucleonica - GAMMA SPECTRUM GENERATOR Version 1.0.0.1 | B TR Y Activity, Bq Number of Count rate, cps Number of counts
Fil PP PP Ep 2 at start at end decays at start at end theor. statist.
Croated: 41172006 521,29 FM (UTC) 3| 56Cs13% | 55Cs13% | 1.000E40 | 1000E+00 | 1.000E+00 65652608 5652608 5652608 0.00DE+I0
: : e 4 | 56Ba13'm 55 Cs137 9.437E-01 9.395E-01 9.416E-01 7.77E03 7.144E03 7.160E-03 0.000E-+10
SPECTROMETER: g | TOTAL: 0.000E+00 0.000E +00 0.000E +00 TATTED3 T.144E03 7.160E03 0.000E+00 L
Confi ti il
C?;S;%Li”tay;n name :H;rg;'ne . 4 4 v W)\ Parameters ) Nuclides { %- and Gamma-rays £ Effidiency 4 56 Ba 137m { |¢ H |
Crystal length 52.00 mm | Ready

Crystal diameter 7220 mim
Contact length 36.00 rmm
Contact diameter |10.00 mrn

B3 Microsoft Excel - GC-6020_Cs137_170mm Spe

| 1]

| 2 |

3|

48]

5

| 6 |

| 7

1 8 |

=N

|10

| 11|

12 |

| 13 |Inactive layer 0.90 mrn Germaniurm (9] B E® yew st Fgmat ook Dma W i Gonetion Tax el

| 14 |Crystal packaging 5.00 mm Wacuum : = e - - %%m m@\ nd X'ra D ‘ t A = S T

| 15 |Detector input window 1.50 mm Aluminum i :T?d '}'J = :’" 2nrd bl a o qyﬁ - @ Q@.: s e o Lo Al
12 Murmber of aditional fiters 2o EE i [0 [ e e e
i Filter No.1 | .D' [l Emission rate, 1/s Photons Peak region counts Detection efficiency Ancestor's

18 |Filter Na.2 0, o, baVl | XIG ray at start at end emitted peak area | peak bkgr total FEP MDA, By
19 | Filter Mo.3 | B .. = G SBODE-DE  SBO0E-0E  SBODE-06  271SE-08 | 4094EQS | 7.530E03 | 4GH1ED3  1.441E+D8
ﬁ Filter Ma.4 0 @J Ele  Edit Wiew Insest . X 9.837E-03 9.793E-03 9.815E-03 0.00DE-+00 2.757ED5 0.000E-+H0 0.000E+00 MAN

| 2U |Filter MNo. 0 B e E t@te 4 ¥ 1951602 | 1843602 1 947E02 | S09GEQ7 | 3WIELS | 2775ED5 | 2676E05 | OEMBEHE
21 |Filter Mo.5 oy ! . i X IEO00ED2  3ERMEMY  3EWEM | LIFEE | 3WEDS | 32EEDS | 317IEDS 1 GVEL9

| 22 |Filter No.B 0 Al - B £, ke ¥ 130E02 | 1304602 1307E02  2193E06 | 32MEODS | 17ED4 | 16BIEDS  5HMEDT

23 |FywHM at 122 ke o, A [ E I c A G BEO0E-01  B4RED  BABIED | 1GEOEL3 | 2044E06 | BJSED3 | 231ED3  1GG4E+03
|24 |FWWHM at 13325 ke k) E keV 1| FEP Eff. XEP Eff. SEP Eff. DEP Eff. Total Eff. @
95 |Mumber of channels g 2 [ 1.000E+D1 | G650SE-15 | O.OODE+00 | OOOOE+00 | O.000E+D0 | B.505E-15 hd Gamma-rays { Efficercy £ 56 Ba 137m { 55Cs 137 [ Ful spectum | ¢ |
| 26 | Channekto-Energy corversion gl 3| 10%8E+01 | 1.158E43  OOOOE+00 | 0.000E+00 | 0.000E+00 | 1.218E-13

[els0urce o Datactor dtants 14 B5] 6913603 | 1576ED04 | OOOOEO0D = 2510E04 | 1301E-04 | 4546E03

L et [{lBB| 1000E+04 | 130SE04 | OODDE+00 | 2304E04 | 1.17BE-04 | 4.578E-03 — - =
5 67 | 137_170mm_S L _E
e | B8 |Absolute efficiency for 1332.5 keV photons at 25 cm: 6.B04E-04 | e PO T T W T

|30 SOUFCE: 59 |Relative efficiency for 1332.5 keV photons at 25 cm: | 56.70 % | = Bt o e a% m a S g Ct}r f, el e S
| 31 |Muclide | .ﬂﬁ , vhoe B S @%? %rﬁ%ﬂs % o s SRR i Or A -
| 32 |Quantity [T« v Wi - and Gamma-rays ) Efficiency { 56 Ba 137m [ | > T : :
| 33 |Reference point of time MY Ready - nurr|13 = T E I 3 T g m 1 T 7 I % =
% sSouregicoaling intenal et i, | 1] Erinray: kalf Count rate at start, cps Count rate at end, cps Theoretical number of counts 2
5 | CALCULATION: | 2 | v Confinuum  Scattered Total Continuum = Scatiered Total Continuum  Scattered Total
== - - - : sl 020 2B37E-06 8.042E-07 2 BEDE-06 2 F25E-06 8.006E-07 2 B3BE-06 2B31E-06 8.024E07 2 G44E-06
[ Conisider decay transformations _ es 4| 080 3185606 9725607 | 3218E06 | 317IEDE | 9G31E-D7  3204E06  3.178E-06  9.703EL7 | 3211E-06
i i Includs gammeas of daughtar luciides Yes [5| 1m0 33EO6 | 1019E06 | 3.376ED6 | 3320EDB | 1015E06  3360E08  33NE06  1.017E06 | 3.36BE0B
| 39 |Decay engine's accuracy factor |0.01 | E| 140 3381E-06 | 1035606 | 3.304E06 | 3.366E06 | 1.030E06 | 3.379E06 3373606 | 1.032E06 | 3.387E-06
| 40 |Consider backscatter radiation Tes 2 =0 3400E06  1042E06 | 340IEDE | 3395ED06 | 1OWEDE | 3395E06 3392E06 10IEDS | 3.393EDE
| 41 |Backscatter peak normalization factar 2 220 3 4NME-D6 1.046E-06 I41E-06 3.396E-0B 1 042E-06 3.396E-06 3404E-06 1.044E-06 3 404E-06
42 v ¢ 260 FOFNR A EIRDR | 34MESR | RANAENA | 1NMRF-NR . 34NSFNR 3 413F0R 1 N4AFOR | 3 413F0R | ¥
0« v w\Parameters {Nurides £ ¥- and Gammarays {F|< [ s W ¢ v w{Effidency )56 Ba 137m (55 Ce 157 { Ful spectrum / I< Ll
Ready Ready
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Calculation results : Detection Efficiency

Detection efficiencyfor Nal (76.2 x76.2 mm)
[— Total — FEP —— SEFP DEP #EP |
2
10 O
107
Fry
g
3 10
=
@
b
5 0’ Right click within the
< graph area enables
e a context menu,
] ek ; P - : SEEE - from which one can
o AR L e print or download
10" the efficiency graph
Gamma-ray energy, keV
Select efficiency — Efficiencies displayed: [¥]Full Energy Peak (FEP) (] Single Escape Peak (SEP)  [#]Total
data to be d|sp|ayed [¥] ¥-ray Escape Peak (XEP)  [¥]Double Escape Peak (DEP) [“IMare graph options €—— Additional options
allow to tailor the
on the graph K-axis settings: Y-axis settings: ffici ht
Scale Tick steps Scale Tick steps e IC’IenCy grap 0
[+ Auto [“]Log [“] Auto [¥] Auto []Log [¥] Auto one S needs and
Minimum Major step Minimum Major step reqUII’ementS
Maximum Substeps No Maximum Substeps Mo
Grid lines Ticks Grid lines Ticks

[ majer [ Minor Min [out []Labels [“Imajor [ Minor Min  [¥lout []Labels
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100 kBq ¢°Co

Examples:

1 g Nat U (2 years after separation)

Number of counts

G Spectrum Simulated forNal (76.2 x 76.2 mm)

[ Scattering cortribution R Continuum BN FPeaks

2000

0 200 400 500 800 1000
Gamma-ray energy, ke\f

G Spectrum Simulated for HPGe (rel. eff. 8.0%)
[mm Scattering contribution R Continuum W Fesks ]
10°
10°
&
=
g !
-
-]
i
£ 10°
=
102
10"
1400 ] 25 a0 ol 100 125 150 175 200 225 250
Gamma-ray energy, ke\f

275

Detector - Nal (£3"x3")
Source-to-detector distance - 25 cm
Measurement time - 1000 s

Detector — LEGe (20 mm x 2800 mm?)
Source-to-detector distance — 25 mm
Filter — 0.5 mm Sn

Measurement time - 10° s
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GSG Version 1. Examples

iy

Institute for
Transuranium
Elements

Examples:
G Spectrum Simulated forNal (76.2 x 76.2 mm)
| 94 Pu 235 94 Py 239 95 Am 241 . O Cm 244 Al other nuclides |
20e+4 [
15044 ] Detector — Nal (&3"x3")
2 ) Source-to-detector distance — 25 cm
8 B Filter — 5 mm Pb
2 1.0e+d S .
g Measurement time - 1000 s
f.0e+3
0.0e+0 T —— | ——t———— . —t ——t ——
] 100 200 300 400 500 B00 700 800 900 1000
Cemmateyene oY Actinides extracted from 1 kg 6-year-
Gamma-Spectrum Simulated for HPGe (rel. eff. 30.6%) . ag ed PWR Spent fuel. ACtIVIty - 5.25 TBq
| 94 Pu 235 94 Py 239 95 Am 241 . O Cm 244 Al other nuclides |
30e45 T
25645 | b
|
g 20e+5 + |
8 | Detector — BEGe (30% rel. eff.)
S 1 5e+5 1+ .
g L ) Source-to-detector distance — 25 cm
2 10045 4 1R® B Filter — 5 mm Pb
" | i Measurement time - 1000 s
. ———— .ll | bl I [ .
0.0e+0 - T —— —t— ——1 .l‘f-.lll.ilﬁlllllﬁ“. —t — Il .Uu IL ; l NEED S | ——+—+
] 100 200 300 400 500 B00 700 800 900 1000
Gamma-ray energy, keV
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Experimental validation with 60% HPGe coaxial detector (INR, Kiev)

Detector: coaxial HPGe (Canberra)

* Relative efficiency: 61.8%

 Crystal dimensions: 74 mm x 53 mm
e Rear contact: 10 mm x 36 mm

* Inactive Ge: 0.7 mm

* Crystal end cap: 1.5 mm Al

* End cap to crystal gap: 5 mm

e FWHM: 1.75 keV at 1.33 MeV

Sources: Thin Spectroscopic Reference
Gamma-Sources (SOSGI)

e 137Cg. 60C. 152EYy

Measurement conditions: Center of
experimental room

JBC GSG Version 1. Experimental Validation (HPGe)

il

uuuuuuu m

Elements
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JRC GSG Version 1. Experimental Validation (HPGe)

Results of the experimental validation with 60% HPGe coaxial detector

O.
(5]
1

Absolute efficiency

[}

S
1

-——
0.0 0.5 1.0 1.5
Gamma-ray energy, MeV

Full Energy Peak efficiency as a function of the photon

energy: circles — experimental values, curve — calculated.

Two sets of data refer to the source location at 5 cm and
17 cm distances from the detector end cap.

Detector response, MeV" decay'1

10" 3

iy

Institute for
Transuranium
Elements

13.53 y "’Eu, 60% HPGe
Source distance: 17 cm

o Experiment o
4] Full spectrum TS
10 E = = = Primary continuum .. N
3 —-—- Secondary continuum Sre_ _3‘%?
10-5""I""I'"'I""I""I""l""l"
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

Calculated (curve) and experimental (circles) detector
responses for 152Eu source at 17 cm distance from the

Gamma-Ray Energy, MeV

detector end cap.
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REVISED EDITION OF REPORT IDO - 16880 - 1

ORIGINAL ISSUED: AUGUST 1964 Detector:
REV. ELECTRONIC UPDATE:- FEBRUARY 1997 . )
3" x 3" Nal scintillation
detector

SCINTILLATION
SPECTROMETRY

GAMMA-RAY SPECTRUM CATALOGUE

NEW VERSION OF 2ND EDITION
COMPILATION OF GAMMA-RAY SPECTRA
AND RELATED NUDCLEAR DECAY DATA
VOLUME 1 OF 2

BY Top Pb Greded

R. L. HEATH

Ky

-RAY SPECTROMETRY CENTER

Idaho National Engineering & Environmental Laboralory
aflan

Cu O0.015"
Cd 0.030"
Pb 4"

Y

PPLo-&-4TTY
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Results of the experimental validation with 3" x 3" Nal scintillation detector

0,030 -
] Nal 3" x 3"
] Absorber: 1.18 g/lcm’ Be
0,025 Source distance: 10 cm
0,020 -
Jo ® Experiment (Heath, 1964)
] —— Simulation
0,015
0,010 4
0,005 -
] T
0,000 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T
0 500 1000 1500 2000 2500 3000

Gamma-ray Energy, keV

The simulated vs. experimental FEP efficiencies for a
Nal 3" x 3" detector.

Number of counts

105 137
30.17y “'Cs, 3" x 3" Nal

Absorber: 1.18 g/cm’ Be
Source distance: 10 cm

.
" -

L . T
4 i oant (Heath 10684) N = e
d O Experiment (Heath, 1964) N
} Full spectrum L |
- - = = Primary continuum L.
. —-=--Secondary continuum \\ ‘,‘
T e Bremsstrahlung ;
i . )
10> +————— ! T e B
0 200 400 600 800

Gamma-Ray Energy, keV

The experimental and simulated spectra for 3’Cs and a
Nal 3" x 3" detector .



Number of counts

10

-
o
w

EUROPEAN COMMISSION

2nd Advanced Training Course on lllicit Trafficking and Radiological Consequence with Nucleonica — ITRACN 2, 4th-6th November, 2009, ITU, Karlsruhe, Germany

23l

GSG Version 1. Experimental Validation (Nal)

Institute for
Transuranium
Elements

Results of the experimental validation with 3" x 3" Nal scintillation detector

5.27 y *Co, 3" x 3" Nal

Absorber: 1.18 g,’cm2 Be
Source distance: 10 cm

O Experiment (Heath, 1964)
Full spectrum

- = = Primary continuum

\ —-—--Secondary continuum

_ % F ----- Bremsstrahlung
1. A A S sum peak
 E Pt \
7 _'.:/' \"--..___‘ i
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The experimental and simulated spectra for ©°Co and a
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The experimental and simulated spectra for 133Ba and
a Nal 3" x 3" detector.
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Results of the experimental validation with 3" x 3" Nal scintillation detector

18000 -
i 2.25 min *Al, 3" x 3" Nal
] Absorber: 1.18 gicm2 Be
15000 - Source distance: 10 cm
i O Experiment (Heath, 1964) i
- - - = Primary continuum ?d
- —-—--Secondary continuum
9000 4R Bremsstrahlung o b
2000

Gamma-Ray Energy, keV

The experimental and simulated spectra for 22Al and a
Nal 3" x 3" detector .
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The experimental and simulated spectra for a 12 year
old 232Th source and a Nal 3" x 3" detector.
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Results of the experimental validation with 3" x 3" Nal scintillation detector

10 O Experiment (Heath, 1964)
Full spectrum

—= = = Primary continuum
—-—--Secondary continuum
----- Bremsstrahlung

Lol
/

14.96 h **Na, 3" x 3" Nal

Absorber: 1.18 g;h;:m2 Be
Source distance: 10 cm

T
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The experimental and simulated spectra for *Na and a
Nal 3" x 3" detector.
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New feature #1: Modeling background gamma spectrum from naturally
occurring radionuclides, which makes the spectrum shape and MDA
evaluations to be more realistic

Additional measurement setup properties: Measurement sstup | Caloulation results | Optians
HH  Absorbing filter layers: -
HEH Gamma Spectrumn Generator Settings:

Input window: Display detector efficiency curves

. Consider decay transformations during cooling and counting time intervals
Crystal packaging:

Consider effects of backscatter radiation

O
O
O
TERNGE DT RS ST [] Consider bremsstrahlung photon creation

. Simulate natural gamma-ray background
ADC and energy resolution parameters: g Y g

MNumber of spectrum channels Energy resolution (FYWHM) at 122 keV, kel
Channel-to-energy conversion factor, keW/channel Energy resolution (FWHM) at 1332 keV, keV

Tay peak and continuum intensities, cps:

A respective option has to be
selected on ,Options*” tab to enable
the background simulation

Count rate in 185.7 keV peak of U-235 Count rate in 661.6 keV peak of Cs-137
Count rate in 238.6 keV peak of Pb-212 (Th-232) Count rate in 1332.5 keV peak of Co-60

Count rate in annihilation 511.0 keV peak Count rate in 1460.8 keV peak of K-40
Count rate in 609.3 keV peak of Bi-214 (U-238) Continuum count rate (0 - 3 MeV)
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Example: Natural background simulation

e al0Bq!¥Cs source at 10 mm distance from 150% HPGe with natural
background photons included

Gamma-Spectrum Simulated for HP Ge (rel. eff. 142.6%)
| 56 Bia 137m Al other nuclides |
4 :

10

10°
&
=
-
[=]
(%]
[P
° 10°
@
==
E
=]
=

10"

"II:II:I T T T T

o 500 1000 1500 2000
Gamma-ray enerqy, ke\/
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New feature #2: Bremsstrahlung simulation

Measurement setup

Calculation results

Options

Gamma Spectrum Generator Settings:
[] Display detector efficiency curves

[] Consider decay transformations during cooling and counting time intervals
[ Consider effects of backscatter radiation

Consider bremsstrahlung photon creation

A gamma-spectrum simulated for the 10 MBq 90Sr-%Y
source and 50% HPGe

10°
Bremsstrahlung spectrum normalisation factor

[ Simulate natural gamma-ray background 105
I 2 0t
A respective option can be = o
selected on ,Options*” tab to 2
enable the bremsstrahlung Z 10’
simulation.

10"

10°

Gamma-Spectrum Simulated for HPGe (rel. eff. 52.0%)

. Cortinuum

. Fecks |

[ Scattering cortribution

a 500 1000 1500 2000
Gamma-ray energy, ke\f
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New feature #3: Physical photon spectrum visualization

teasurement setup Calculation results Optionz

Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum .
" (MR 55Cs1o7(D)  WEE Soba137m(D) W Gkor (D) — Bk (©) ; 4.46% Uranium source and

L natural background photons

Measurement setup Calculation results Optionz

o
|

Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum

02 U235 (D) B 00 Th234(D)  BEEE O PaZidm (D) BN 01 Pa 234 (D) 92 U 235 (D)
a0 Th 231 (D) 921 234 (D) mm 01Pa231(0) W 86 R0 218 (D) &2 Ph 211 (D)

— 53 E 211 (D) mm G2PL212(D)  EEEW B3Ei212(D) = G5 Ra 224 (D) &1 T1 208 (D)
&1 TI 208 (C) Bikgr (D —— Bkgr (C)

Discrete energy photons, 1/sec
=
1

D 1 L .. J-|.| |I.lJI l. Ii T ot - i i ' I. : I :

T t T T 1 T f T T T T T T T T T T T
0 500 1000 1500 2000
Photon energy, keV

137Cs source and natural
background photons

Discrete energy photons, 1/sec
=]
[2%)
1
T
e s
f
=
(o)
Continuum photons, 1/(sec keV)

0 500 1000 1500 2000 2500 3000
Photon energy, keV
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New feature #4: Including self-attenuation and scattering effects, which

would allow more realistic simulation of gamma-spectra from
voluminous and shielded sources

Eu1s2

5n [azmn

s

easyMonteCarlo
63 Europium

Element
Eu

:

Actual chart: Karlsruhe

Wass Wixture selector Shield

Dosimetry & Shielding with Neutrons & Gammas

Detector

Actiity (Bg) ~| [1E+10 @ Element O dose rate
[ Resume ” Pass spectrum to GSG ]
Geomety | Source Options | Resulls
Shield ’4—. Dimension in cm
(%) Gamma emitter
50
2 Meutron emitter [:l
Source Diameter
-
/ T Detector
|| L — |

Source to shield |40 |

Source to Detector | 100 5

&
=536
N

Unshielded ¢°Co:

Institute for
Transuranium
Elements

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)

m— Pesks |

[ Scattering cortribution e Continuum

Number of counts

0 200 400 600 600 1000
Gamma-ray energy, keV

1200

1400

60Co behind 12 cm Al shield:

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
— Continuum

EEE Peaks |

W Scetlering cortribution

Number of counts
=l

i] 200 400 G000 800 1000
Gamma-ray energy, keV

1200

1400
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Detector

o
‘]
A

B - Source e
RRTu d h :
T T ainonotons 0777
P 4505552020) g 4 X - ‘
/ﬁfﬂfﬁ"“‘*‘fﬁﬂﬁ o ’: uoresce -rays '
55550 9555  *511keVphotons |
9,

SR

Effects: X ,ﬁg,,

« Self-attenuation 2 ffﬁfﬁﬁ? K Primary photons:

* Attenuation ‘*ﬁ&g&g&g&ff ::  attenuated yrays -

« Scattering ;§§ - attenuated X-rays [ ////////////////

v

* Backscattering

» X-ray fluorescence
« Pair production

* Bremsstrahlung

&
155
[525

Challenges:

» an accurate reproduction of the incident photon flux properties is important;

» an accurate knowledge of the detector response in a broad energy range is required;
* a huge computational effort is normally needed.
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What is the EasyMonteCarlo?

* A dedicated Monte Carlo web-service, i.e. a
computational engine reachable to other
programs via the Internet

Eu1s2
easyMonteCaﬂo Dosimetry & Shielding with Neutrons & Gammas
15n [amn [y
63 Europium
Actual chart: Karlsruhe
Element Mass Mixture selector Shield Detector
Eu v 152 - -.:: ) compound | Paraffin - (® Particle flux
Actiity (Bg) | |1E+10 @ Element | Ph v O Dose rate
Resume ][ Pass spectrum to GSG ]
Geaometry Source Options Results
Trials/zlice: 100000
Status: Calculation completed: 2400000 trials executed.
Particle flux /fcm/s Uncertainty, % Flux buildup Uncertainty, %
4.599E+04 0.15 1.31 0.17

Physical Gamma-Ray Spectrum: 2400000 trials

[mmm Spectrum continuum = Discrete energy gammas |

Photon flux, Iem%sec/MeV

0.0 0.5 1.0 1.4
Photon energy, MeV

Eu1s2

16h |azmh [I3s3y

Element Mass
Eu | | 152

Activity (Bq) | [1E+10

Geomety Source Options

() Gamma emitter

() Neutron emitter

Source Diameter

easyMonteCarlo
63 Europium

Actual chart: Karlsruhe

EMC Front End:

Dosimetry & Shielding with Neutrons & Gammas

Mixture selector Shield Detector
eSS (O compound | Paraffin v () Particle flux
(@ Element | Ph v () Dose rate:
Resume H Pass spectrum to GSG ]
Results
Shield |<—. 1 Dimension in cm
50
10 L= mhwa
——
/ — Detector
. ==
L oee———rr

Source to shield |40
g SOHEE 0 SRIEIE |

Source to Detector | 100
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Coupled EMC / GSG calculations for voluminous & shielded sources:

Multi-layered shield EMC

Volume structured .
source e R

o Point detector
- . _puP \ % -
c O . . Photon flux —~+ O
C - — v s 5 : (D 3
=0 Source 5. ® [em~2s7] o 2
o strength : : 8 a,
D.' 2 Als™ 0
O (@)
& © ; O g
Qo R GSG 2 c
Eo §“' > S ©
=2 ez
O > Equivalent | 25 ('_l;
> O point 8 o]
o source !
........ / .._
Source strength Attenuation correction Structured
s '1=4zR*® A detector




GSG Version 2: Experimental Validation -1

EUROPEAN COMMISSION Eonacer
Elements

2nd Advanced Training Course on lllicit Trafficking and Radiological Consequence with Nucleonica — ITRACN 2, 4th-6th November, 2009, ITU, Karlsruhe, Germany

JRC Technical Notes
' Technical Report:
JRC-ITU-TN-2009/25

RESTREINT UE

A Collection of Reference HPGe Gamma-Spectra
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and Special Nuclear Materials
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Type D Disk source: Eckert & Ziegler Isotope Products,
Reference & Calibration Sources, Product Information

Type D Disk

" Active Element
AR 0.197" (5 mm)
x0.125” (3.18 mm)
Deep Hole with
Epoxy Plug

Decal
" Window Thickness
0.25" (6.35 mm]T/ o a7y
Au K-edge

Ortec Detective 10% HPGe
‘ point sources at 25 cm

iy

S
[
1

Experimental room: L x W x H=3.3x3.8x 3.5 m3.
Shields (20 x 20 cm?): Pb (2 cm) and Al (3cm, 12 cm).
Detector: 10% Ortec Detective, HPGe &50 x 30 mm.
Shield to detector: 10 cm.

Source to shield: 0 cm. ey == =856 {lrue-pointisoulce)

Unshielded sources: at 25 cm distance. ety - ——————
10° 10°

Absolute FEP efficiency

® Experiment
——EMC + GSG (1150 um inactive Ge)
—-— EMC + GSG (350 um inactive Ge)

Gamma-ray energy, keV



Probability density, MeV'

Probability density, MeV"

10™ 5

107

10

4

10

10°

Source: 110 kBq *’Co
Shield: None
Source distance: 25 cm

D)

=

O Experiment ke =
—— Full spectrum -
= = Compton continuum
— - — Scattered continuum . \

LU B S R B I S B R S e e B H R I S B B e B I B BN R B B BN ™

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1.4

Gamma-ray energy, MeV

Source: 110 kBq Co-60
Shield: 2 cm Pb

Source to shield: 0 cm
Detector to shield: 10 cm

s

it s sl

O Experiment
—— Full spectrum
— — Compton continuum
—-— Scattered continuum \

LN B B S B

0,0 0,2 04 0.6 08 1,0 12 1,4
Gamma-ray energy, MeV

Probability density, MeV"

Probability density, Mev”

GSG Version 2: Experimental Validation

10° 3
E Source: 110 kBq Co-60
] Shield: 3 cm Al
1 Source to shield: 0 cm
10”7 3 Detector to shield: 10 cm
10'2-5
107 4
| O Experiment b
10* Full spectrum =0 ac)
E — = Compton continuum
i — - — Scattered continuum
BT o S B A R S T )
0,0 0,2 0,4 086 08 1,0 1,2 14
Gamma-ray energy, MeV
Source: 110 kBq Co-60
107 Shield: 12 cm Al
Source to shield: 0 cm
Detector to shield: 10 cm
10°
4 ]
1077 O Experiment
] Full spectrum
] — — Compton continuum
— - — Scattered continuum
10° +———"—7——7r—rrr 77—
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Experimental room: L x W x H=3.3x3.8x 3.5 m3.
Shields (20 x 20 cm?): Pb (2 cm) and Al (3cm, 12 cm).
Detector: 10% Ortec Detective, HPGe 50 x 30 mm.
Shield to detector: 10 cm.

Source to shield: 0 cm.

Unshielded source: at 10 cm distance.

CBNM-446 Uranium:

JHC GSG Version 2: Experimental Validation

z g
Separation date: 1979 D Ultrasonic
U;04, 200 g, 3.3 g/cm3 \* % | sed
Capsule: @8 x 9 cm —
Sample: @7 x 1.58 cm ) | 7 \ Aminian
Al window: 0.2 cm " /V §

Alumini
%2 — 4.1 ppt N e
234 : el %
U — 0.0359 wt %

235U — 4.4623 wt % N N U104 powcer

236 — 0.0068 wt %

238 — 95.495 wt %

Nuclide Activity Nuclide Activity
24y 14.1 MBq >°Rn 128 Bq
238 2.02 MBq 21pp 128 Bq

234mpg 2.02 MBq 2B 128 Bq
2%pg 3.03 kBq 212pp 438 Bq
2%4Th 2.02 MBq 212g; 438 Bq
2% 607 kBq 22%Ra 438 Bq
21Th 607 kBq 2087 157 Bq
2¥1pg 372 kBq Total 21.4 MBq
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Unshielded CBNM-446: FEP efficiency

S Au K-edge Ortec Detective 10% HPGe
1073 | CBNM-446 Uranium at 10 cm
(}J-\ -
3
‘S 107 3
b= .
@ ]
o 4
Ll
H ]
g -
=
2 10° .
< ] ® Experiment
] —EMC + GSG
1 — — -GSG (true point source)
10-5 £ L S R | ¥ ! ' T LI B | 1

10° 10
Gamma-ray energy, keV
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Unshielded CBNM-446

EMC option: MCNP4c
234mpa

107 E,= 2.2 MeV (98.4%)
Source: CBNM Uranium 4.46%

Shield: None
10° Source distance: 10 cm
EMC code used: MCNP4c

10° |
,l y \ 4
10°4 \
\-‘w - - —
o
10° .,
N >
g
107 o Experiment |
Full spectrum ‘--‘\ ey ° o
" — — Compton continuum T
10 — - — Scattered continuum g o © o 8R0d
. 0¥ 578%
% \ %o B
10 I T T T T l T T T T I T T T T 'I T T T ‘I l T T T T I T
0,0 0,5 1,0 1,5 2,0 2,5

Gamma-ray energy, MeV

Probability density, MeV"

EMC option: MCNP-CP

Source: CBNM Uranium 4.46%
Shield: None

Source distance: 10 cm

EMC code used: MCNP-CP

10"
10°
10°
D
10”7 o Experiment
Full spectrum
3 = = Compton continuum N,
L — - — Scattered continuum
10° e

0,0 0,5 1,0 1,5 2,0 25
Gamma-ray energy, MeV
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CBNM-446 shielded with 12 cm Al

EMC option: MCNP4c
234mpa

E,= 2.2 MeV (98.4%)
Source: CBNM Uranium 4.46%

Shield: 12 cm Al

Source to shield: 0 cm
Detector to shield: 10 cm
EMC code used: MCNP4c

: o

o Experiment .
N\
Full spectrum L
3 — — Compton continuum
§ —-— Scattered continuum
T T L [ T T T T I T T T L 'I T T T T l T T T L - I T
0,0 0,5 1,0 1,5 2,0 2,5

Gamma-ray energy, MeV

Probability density, Mev'’

EMC option: MCNP-CP

Source: CBNM Uranium 4.46%
Shield: 12 cm Al

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP-CP

o Experiment \
Full spectrum b
— — Compton continuum
— - — Scattered continuum

1,0 1,5
Gamma-ray energy, MeV
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CBNM-446 shielded with 2 cm Pb

EMC option: MCNP4c
234mpa

Eﬁ = 2.2 MeV (98'4%) Source: CBNM Uranium 4.46%

Shield: 2 cm Pb

Source to shield: 0 cm
Detector to shield: 10 cm
EMC code used: MCNP4c

o Experiment

Full spectrum

- — = Compton continuum
— - — Scattered continuum

1,0 1,5
Gamma-ray energy, MeV

Probability density, MeV"’

&

-
o

L]

=
o

ranul Ll Ll

1l

EMC option: MCNP-CP

Source: CBNM Uranium 4.46%
Shield: 2 cm Pb

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP-CP

- —
-

© Experiment
Full spectrum

— — Compton continuum
— - — Scattered continuum

1,0 1,5
Gamma-ray energy, MeV
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1. The measurement setup is similar to the default configuration “Nal,LxD =11inx 21in
(default)”. You are going to calibrate it using the 1 MBq 8°Co and 1 MBq 13/Cs reference
gamma sources. Approximately, how many statistical counts can you expect within 100

s in the corresponding gamma-spectra? Make the evaluations with and without
backscattered photon contribution.

5.2714 ~ SO0y
: ¥ 4l +
i 0 Qy’\ff)’ Qf),,fg“ -”21 =7 . X
L 60 o0 &S T e S
27C0 SF sy O 55S $
Q, =2823.9 S WY S QB_=1175.63 &
I8 e & 5
99925% 75, 4% YOS O & 2505.765 , . B
<0.0022% >133. 2* N $ 2158.64 (50 by 944% 96! 127 o 861.560 2552 m
)
0.057% 1502, 2¢ |y [ 1332516 713 ps
+
o+ , 0 ctable 56% 121, 32 1:‘37 % stable
60n;
28N| 5688

Answer: %Co - without backscatter photons ~1.66-10° and with backscatter photons =1.91.10° counts,
B37Cs - without backscatter photons =1.06-10° and with backscatter photons =1.18-10° counts.
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2. You have to measure the 10 MBq °2Eu source with Nal (3"x3") scintillation detector in
the measurement setup similar to the default configuration “Nal, L x D=3 in x 3in
(default)”. In your disposal there are three lead filters — 1 mm, 3 mm and 5 mm thick.
Find the right combinations of the filters, which would make the measurement possible,
assuming that your electronics can cope only with input count rates below 20 kcps (kilo
counts per second). Check if the same electronics and filters will allow you to perform
the measurement in the configuration “HPGe, coaxial, p-type, rel. eff. 150% (default)”.

Answer: Valid filter combinations: 3mm + 5 mm (18.8 kcps) and 1 mm + 3 mm +5 mm (17.2 kcps).
The electronics is not suitable for the configuration with 150% HPGe detector since even for the
thickest filter combination the predicted input count rate is 22.6 kcps.

3. What is the relative efficiency of the HPGe detector with crystal length — 30 mm, crystal
diameter — 50 mm, rear contact length — 20 mm, rear contact diameter — 10 mm, inactive
Ge — 1.5 mm, cap thickness — 1 mm Al, and crystal to cap distance — 5 mm? What crystal
length doubles the detector relative efficiency?

Answer: Relative efficiency = 10.5%. Crystal length L = 46.5 mm gives 21% relative efficiency.
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4. The 1 g natural uranium sample (34U — 0.000055 g, 2%°U — 0.0072 g, 2%*U — 0.992745 g)
was measured twice on the same Nal (3"x3") scintillation spectrometer (configuration
“Nal, L x D=3in x 3 in (default)”). The first and the second measurements were
performed for 100000 s respectively 10 days and 1 year after the uranium separation.
What are the relative contributions of 23°U and 238U to the gamma-spectrum measured in
both cases? When modeling the spectra, use 1 mm Pb filter to imitate the self-
attenuation properties of the sample.

Answer: After 10 days 23°U - 76% and 238U - 24%; after 1 year 23°U - 46% and 238U - 54%.

5. Based on the gamma-spectrometric examination of a source, the presence of 60Co with
activity 100 kBq was revealed. Which of the default GSG measurement configurations are

suitable for detecting an additional presence of 50 Bqg of 4!Am in the same source by
performing a 1000 s long measurement?

Answer: Configurations with LEGe and BEGe detectors. The respective MDAs are 12,2 Bg and 18,6 Bq.



